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The value of donor iliac artery pressure 
gradients in predicting the outcome of 
femorofemoral bypass 
Joseph P. Archie, PhD,  MD,  Raleigh, N.C. 
Purpose: This study tests the clinical value of femoral artery pressure measurements by
analysis of the relationship between iliac artery pressure gradients (PGs) and both 
femorofemoral bypass graft patency and the hemodynamic changes produced in the donor 
and recipient limbs. 
Methods: Systemic and donor femoral artery systolic and mean pressures were measured 
during surgery at rest and during papaverine-induced hyperemia before 94 femorofemoral 
bypasses. Ankle/brachial (A/B) pressure ratios and pulse volume recordings (PVRs) were 
measured before and early after surgery. Donor iliac artery stenosis was 25% -+ 23% 
(mean + 1 SD). Follow-up was 23 + 20 months. 
Results: Eight bypasses failed at 21 - 20 months. Patients with failed bypasses had a 
resting systolic and mean PG of 23 -+ 22 mm Hg and 5 + 7 mm Hg, respectively, 
compared with 10 + 11 mm Hg (p = 0.007) and 1 + 2 mm Hg (p = 0.001) for the 86 
patent bypasses. Donor limb A/B ratios and PVRs decreased 9% + 5% and 15% - 14%, 
respectively, had a linear regression slope less than 0 (p < 0.05) with resting and 
hyperemic PGs, and correlated best with resting PGs (p < 0.05). Recipient limb A/B 
ratios and PVRs increased 86% + 48% and 191% - 111%, respectively, had a linear 
regression slope greater than 0 (p < 0.05) with all resting and hyperemic PGs, and 
correlated best with hyperemic systolic PGs (p < 0.05). However, all regressions had a 
large SD, wide 95% confidence limit, and a low correlation coefficient. Sensitivity- 
specificity receiver-operating characteristic curves for optimal PG criteria for both graft 
failure and donor limb hemodynamic impairment are weak, with an accuracy of 50% to 
75%. Recommended criteria for not performing a femorofemoral bypass are a resting 
systolic PG of 28 mm Hg or greater or a resting mean PG of 6 mm Hg or greater. 
Conclusions: Although iliac artery PGs correlate with graft failure and both the degree of 
donor limb hemodynamic impairment and recipient limb improvement, he large 
variability in PGs between patients with similar outcomes and the low accuracy of optimal 
PG criteria indicate that they have limited clinical value in decision making. (J VAse SvRG 
1996;23:383-93.) 
Almost four decades ago, Haimovici and Escher 1 
introduced directly measured aortic/femoral artery 
pressure gradients as a technique for determining the 
hemodynamic significance ofaortoiliac stenosis. Sub- 
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sequently, a number of investigators have measured 
resting and hyperemic femoral artery pressures. 2-~'~ 
The development of this method was driven by the 
early recognition of the difficulty of accurately 
determining the degree of iliac artery stenosis from 
arteriograms. 14 Femoral artery pressure measure- 
ments often receive high acclaim, are physiologically 
appealing, and are generally considered to be the gold 
standard for determining the hemodynamic signifi- 
cance ofiliac artery stenosis. However, this technique 
has not been widely accepted in clinical practice tbr 
two reasons: First, there is no standardized method 
of  making the measurements and no clearly estab- 
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lished iliac artery pressure gradient or pressure ratio 
criteria for discriminating between clinically signifi- 
cant and insignificant stenosis) 5 Second, and more 
important, with one exception 9,1~ there is little 
evidence that clinical decisions based on femoral 
pressure measurements are of value. This study 
addresses both of these issues. 
Femorofemoral bypass is an excellent model with 
which to study the value of femoral artery pressures 
because of the increase in resting blood flow require- 
ments on the donor iliac artery. It is an established 
procedure 16 with a well-defined outcome.~3,~7 Femo- 
rofemoral bypasses are not infrequently placed below 
a hemodynamically stenotic donor iliac artery when 
the arteriogram shows little or no abnormality, m
Hemodynamically significant stenosis of the donor 
iliac artery to a femorofemoral bypass graft may limit 
the degree of improvement in the recipient limb, 
increase the probability of anatomic or hemodynamic 
graft failure, or compromise the circulation to the 
donor l imb) 3,17 In this study femorofemoral bypass 
was performed in patients with a wide distribution of 
donor iliac artery stenosis and pressure gradients. The 
quantitative relationship between these pressure gra- 
dients and both graft patency and donor and recipient 
limb hemodynamics i  analyzed. 
PATIENTS AND METHODS 
Patients and methods. The 94 patients and 
operations in this report are drawn from 197 patients 
undergoing 208 femorofemoral bypasses between 
1982 and 1993. All patients in this subset underwent 
surgery with spinal anesthetic, and both intraopera- 
tive donor iliac artery pressure gradients and preop- 
erative and postoperative hemodynamic measure- 
ments were performed. Patients who had undergone 
a prior or concomitant lower extremity inflow or 
outflow revascularization operation or balloon an- 
gioplasty were not included. Patients with incom- 
pressible tibial arteries were not included in this 
analysis. There were 59 men and 35 women of 
62 + 10 (mean _+ 1 SD) years of age. Comorbidity 
included diabetes mellitus in 18, hypertension i 34, 
coronary artery disease in 57, and a history of 
cigarette smoking in 87 patients. All patients under- 
went preoperative biplanar arteriography with ob- 
lique views in 41. The donor iliac artery stenosis was 
25% _+ 23% and the recipient iliac artery stenosis 
was 97% e 5.4% (68 occlusions). The superficial 
femoral artery was normal or mildly stenotic in 60 
donor and 51 recipient limbs, patent but 50% or 
more stenotic in 15 donor and 10 recipient limbs, and 
occluded in 18 donor and 32 recipient limbs. An 
8 mm polytetrafluoroethylene graft was placed in the 
lazy $ configuration with the inflow end of the graft 
directed proximally and the outflow distally. The 
graft was placed directly into or carried as a hood 
onto 24 recipient deep femoral arteries. Before and 
approximately 4 to 6 weeks after operation all 
patients underwent measurement of Doppler-de- 
rived systolic ankle/brachial (A/B) pressure ratios. Air 
plethysmographic pulse-volume amplitudes (PVRs) 
were also measured in 84 patients. Patients were 
followed-up at 6 months and annually with A/B and 
PVR measurements. 
Pressure measurements. With the common 
femoral arteries exposed before reconstruction, sys- 
tolic and mean systemic arterial pressures were 
measured with a 20- or 21-gange cannula placed in 
the radial artery with a normal Doppler velocity 
waveform. A 21-gauge thin-wall needle connected to 
a standard 84 cm rigid extension tube, identical to 
that used with the radial artery cannula, was used to 
measure femoral artery pressure. The level of the 
radial artery cannula and the femoral artery needle 
were within 2 cm of each other. Both pressure lines 
were connected to the same strain-gauge manometer, 
amplifier, and real-time pressure-waveform and digi- 
tal read-out system. The transducer was calibrated 
with a mercury manometer. A single transducer with 
rapid sequential measurements of the two pressures 
measures the difference more accurately between two 
pressures than do two separate transducers. This is 
because the inherent errors in each transducer system 
can be magnified by subtracting the two values 
(pressure gradient) or forming the ratio of two values 
(pressure ratio), is The average pressure of four to 10 
cardiac ycles was recorded. Steady-state pressure was 
confirmed by rotating the transducer stopcock be- 
tween the radial and femoral artery lines to ensure 
reproducibility to within 1 to 2 mm Hg. After 
recording the resting systolic and mean pressures and 
with the femoral artery pressure on-line, 30 mg (0.5 
ml) papaverine hydrochloride was injected into the 
common femoral artery with a 26-gauge needle. 
When the femoral artery pressure reached a mini- 
mum, usually 20 to 60 seconds after injection, the 
systolic and mean pressures were recorded. The 
stopcock was then switched to the radial artery line 
and systolic and mean systemic pressures were 
recorded. 
Calculations and statistical analysis. The rest- 
ing and hyperemic systolic and mean radial/femoral 
arterial pressure gradients were calculated. Although 
femoral/radial pressure ratios are not presented in the 
results section because they are less accurate than 
J ouRNAL OF VASCULAR SURGERY 
Volume 23, Number 3 Archir 385 
pressure gradients, x5they were calculated for com- 
parison purposes with those of another study. 9'1~ All 
ordinal and continuous values are given as mean -+ 
1 SD. Analysis was done by paired and unpaired 
t testing, analysis of variance, linear regression, and 
life-table analysis. Calculations were performed with 
JMP version 2 statistical software (SAS Institute Inc., 
Cary, N.C.). 
RESULTS 
The life-table analysis for primary patency rates is 
given in Fig. 1 and the data in Table I. Five of the 
eight failed grafts were redone and the other three 
patients underwent an inflow procedure. There was 
no limb loss in this selected series. Of the eight failed 
grafts, two were in patients with claudication at 33 
and 66 months, three were in patients with rest pain 
at V2, 2, and 12 months, and three were in patients 
with tissue loss at 11, 21, and 24 months. The 
cumulative 3-year primary patency rate was 85%. 
Serial measurements of the A/B ratios and PVR 
amplitudes in the six patients whose grafts failed after 
2 months did not change before graft failure. 
The mean _+ 1 SD of the radial and femoral 
artery pressure measurements, the pressure gradi- 
ents, and the percent iliac artery stenosis are given 
in Table II for all 94 patients, the 86 patients with 
bypasses that remained patent during follow-up, and 
the eight patients with a failed graft. Mean 
tbllow-up for all patients was 23 _+ 20 months. The 
time from placement to failure was 21 _+ 20 
months. Although there is a statistically significant 
difference between the resting pressure gradients for 
patients with failed and patent grafts, five of the 
eight with a failed graft had a resting systolic 
pressure gradient of 16 mm Hg or less and a resting 
mean pressure gradient of 3 mm Hg or less. The 
resting systolic femoral/radial rtery pressure ratio 
was 0.910 -+ 0.095 and the percent decrease in this 
ratio with hyperemia was 10.8% _+ 7.7%. The rest- 
ing pressure ratio was 0.919 _+ 0.082 for the 86 
patients with patent grafts and 0.814 -+ 0.167 for 
the eight patients with failed grafts (p = 0.002). 
The percent change with hyperemia was 10.9% -+ 
7.8% and 9.7% -+ 6.9% for patent and failed graf~s, 
respectively (p = 0.7). Of the 94 patients, 34 (36%) 
had a resting systolic femoral/radial rtery ratio of 
0.90 or less and 27 (29%) had a 15% or greater 
decrease in this ratio with hyperemia (cutoff criteria 
of Flanigan et al. 9 and Kikta et al.m). 
The specificity versus sensitivity receiver-op- 
erating characteristic curves for graft failure are given 
in Fig. 2 for resting systolic and mean pressure gradi- 
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Fig. 1. Life-table analysis for cumulative primary patency 
rates. 
ents. The wide overlap of pressure gradients for pa- 
tients with failed and patcnt grafts produces an accu- 
racy of only 70% to 75% at optimal pressure gradient 
values. The curves come closer to those produced by 
random numbers (sensitivity' = 100% - specificW, 
a diagonal line) than to those of perfect correlation 
(sensitiviD, = specificig' = 100%). 
Table III gives the hemodynamic r sponsc of the 
donor and recipient limbs for all bypasses and by the 
indications for operation. The A/B ratios increased 
significantly in the recipient limbs and decreased in 
the donor limbs. Late donor and recipient limb A/B 
ratios were essentially the same as the earl), postop- 
erative values. Similarly, the PVR amplitudcs in- 
creased (p = 0.001) in the recipient limbs and 
decreased (p = 0.01) in the donor limbs. Donor 
limb A/B ratios and PVR amplitudes dccrcascd 
9% _+ 5% and 15% _+ 14%, respectively. Recipient 
limb A/B ratios and PVR amplitudes increased 
86% _+ 48% and 191% m 111%, respectively. Fig. 
3 gives the relationship between the resting systolic 
and mean pressure gradients and the percent changes 
in preoperative to postoperative donor limb A/B 
ratios and PVR amplitude. When percent donor iliac 
artery stenosis was compared with the changes in 
donor limb A/B ratios and PVR amplitudes, the 
results were similar to those of Fig. 3, except hat the 
95% confidence bands were wider and the correlation 
coefficients were 0.14 and 0.17, respectively. Fig. 4 
gives the relationship between the hyperemic systolic 
and mean pressure gradients and the percent changes 
in preoperative to postoperative changes in recipient 
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Table I. Life-table analysis for primary patency rates 
No. withdrawn 
Interval No. at No. Duration No. lost to Interval patency Cumulative patency 
(mo) risk failed (mo)  follow-up No. deaths (%) (%) SE (%) 
O- 1 94 1 0 0 0 0.99 100 0 
1-3 93 1 1 4 1 0.99 99 1.0 
3-6 84 0 3 8 1 1.00 98 1.5 
6-9 72 0 2 3 1 1.00 98 1.6 
9-12 66 1 0 2 0 0.98 98 1.7 
12-15 63 1 1 12 2 0.98 96 2.4 
15-18 48 0 1 0 0 1.00 94 3.3 
18-21 47 1 2 5 1 0.98 94 3.4 
21-24 38 0 0 0 0 1.00 92 4.2 
24-27 38 1 2 9 1 0.97 92 4.2 
27-30 25 0 0 0 1 1.00 89 5.9 
30-33 24 1 2 1 0 0.96 89 6.3 
33-36 20 0 0 0 0 1.00 85 7.2 
Table II. Femoral and radial artery pressures, iliac artery pressure gradients, and percent iliac 
stenosis for patent and failed femorofemoral bypasses 
Patent (86) Failed (8) Total (94) 
Resting pressures (mm Hg) 
Radial artery systolic 126 + 22 126 _+ 25 126 -+ 22 
Femoral artery systolic 115 -+ 23 103 _+ 33 114 _+ 24 
Radial artery mean 79 -+ 13 77 _+ 16 79 +_ 13 
Femoral artery mean 78 _+ 13 72 _+ 19 77 + 13 
Hyperemic pressures (mm Hg) 
Radial artery systolic 116 -+ 21 116 _+ 26 116 + 21 
Femoral artery systolic 95 + 21 91 + 28 95 + 22 
Radial artery mean 73 +- 12 73 _+ 16 73 _+ 12 
Femoral arter mean 66 + 12 64 _+ 14 66 -+ 12 
Iliac pressure gradients (mm Hg) 
Resting systolic 10.2 -+ 11.1" 22.8 + 21.9 11.3 _+ 12.7 
Resting mean 1.4 -+ 2.3* 5.2 -+ 6.9 1.7 -+ 3.1 
Hyperemic systolic 21.1 _+ 15.1 25.0 _+ 12.5 21.4 + 14.9 
Hyperemic mean 7.0 +- 5.5 9.4 _+ 5.6 7.2 +_ 5.5 
lliac artery stenosis (%) 24 _+ 22? 42 _+ 28 25 _+ 23 
Values are mean +- SD. 
~p < 0.01. 
tp < 0.05 between adjacent values by unpaired t test. 
limb A/B ratios. Although there is a correlation 
between the pressure gradients and the hemody- 
namic parameters, the data are widely scattered as 
reflected in the low correlation coefficients and large 
density ellipses. Hyperemic systolic and mean pres- 
sure gradients correlated poorly with changes in 
donor limb A/B ratios and PVR amplitudes, whereas 
resting pressure gradients correlated poorly with 
recipient limb changes. 
The effect of donor and recipient limb superficial 
femoral artery disease on the relationship between 
pressure gradients and changes in limb hemodynam- 
ics was analyzed similarly. The superficial femoral 
artery was open and normal or near normal in 59, 
stenotic in 16, and occluded in 19 donor limbs. It was 
open in 50, stenotic in 11, and occluded in 33 
recipient limbs. Linear regression analysis like that in 
Fig. 3 with this subset data indicates a stronger 
relationship (p = 0.06 to 0.01 for slope) for limbs 
with occluded superficial femoral arteries than for 
those with open arteries (p = 0.23 to 0.28). Thus 
donor limbs with normal or near-normal superficial 
femoral arteries had less impairment in hemodynam- 
ics than had those with severe disease. In contrast, he 
relationship shown in Fig. 4 for recipient limbs is not 
influenced by the degree of recipient limb superficial 
femoral artery disease. 
Fig. 5 gives the receiver-operating characteristic 
curves for the percent change in preoperative/post- 
operative donor limb A/B ratios for resting systolic 
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Fig. 2. Sensitivity versus pecificity receiver-operating characteristic curves for patent versus 
failed femorofemoral bypass grafts for resting systolic (A) and resting mean (B) pressure 
gradients. Pressure gradient values are given in millimeters of mercury. Accuracy of optimal 
systolic pressure gradient of 14 to 15 mm Hg was 75%. Accuracy of optimal mean pressure 
gradient of 2 to 3 mm Hg was 68%. 
Table II I .  Preoperative and postoperative limb A/B ratios by indication for operation 
Claudication Rest pain Tissue loss Total 
n 43 37 14 94 
A/B ratio recipient 
Preoperative 0.52 _+ 0.12 0.33 -+ 0.15 0.30 +_ 0.19 0.42 + 0.18 
Early postoperative 0.82 _+ 0.15 0.63 + 0.19 0.58 _+ 0.18 0.71 + 0.20 
Late postoperative 0.80 _+ 0.16 0.64 +_ 0.12 0.52 + 0.23 0.70 _+ 0.19 
A/B ratio donor  
Preoperative 0.91 _+ 0.13 0.77 +- 0.23 0.70 _+ 0.21 0.82 -+ 0.20 
Early postoperative 0.84 -+ 0.14 0.68 +- 0.20 0.61 + 0.17 0.74 +- 0.19 
Late postoperative 0.80 + 0.15 0.68 -+ 0.20 0.59 + 0.25 0.72 + (/.20 
Data are means _+ i SD. 
and mean pressure gradients. The accuracy at op- 
timal pressure gradient values is 50% to 60% and 
70%, respectively. Like the receiver-operating curves 
for graft patency versus failure, the large overlap in 
pressure gradients between patients with little or no 
hemodynamic impairment and those with a signifi- 
cant change in A/B and PVR measurements produces 
low accuracy. 
DISCUSSION 
For the past several decades, I and probably many 
other surgeons have held the bias that resting and 
hyperemic iliac artery pressure gradients are of 
clinical value and have continued to use them. Few 
investigators will dispute that pressure gradients are 
likely to be superior to arteriography for estimating 
the hemodynamic resistance of stenotic iliac arterial 
segments. However, with one exception, 9,m there are 
no data to support or dispute their clinical value. Do 
femoral artery pressure measurements predict out- 
come? What are the optimal iliac artery pressure 
gradient or pressure ratio criteria for predicting an 
increased probability of l~emodvnamic or anatomic 
failure of bypass grafts dependent on iliac artery 
inflow? What are the optimal values fbr predicting 
the degree ofhemodynamic impairment of the donor 
limb below a femorofemoral bypass? Principles of 
fluid mechanics dictate that pressure gradients should 
precisely and accurately predict he degree of hemo- 
dynamic ompromise produced by an arterial steno- 
sis. However, as with so many areas of vascular 
biology, simple models often fail to achieve complex 
goals, Although femoral artery pressure measure- 
ments may be the current gold standard fbr defining 
the hemodynamics of iliac artery stenosis, the results 
of this study do not support heir clinical value. Gold 
standard results should have a good correlation of 
iliac pressure gradients with donor limb hemody- 
namic impairment. One would hope for correlation 
coefficients greater than 75%, narrow 95% confi- 
dence limits for the raw data, and sensitivity- 
specificity receiver-operating characteristic urves 
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Fig. 3. Resting systolic (A and C) and resting mean (B and D) pressure gradients versus 
percent change in preoperative/postoperative donor limb A/B ratios (A and B) and PVR 
amplitude (C and D). Linear regression line and 95% confidence limits for regression line are 
shown, as is 95% densi~, ellipse for data. All four regression lines have slopes less than zero 
(p < 0.05). Correlation coefficients range from 0.23 to 0.42. 
D 
1 O( 
with optimal values with an accuracy greater than 
90%. The results of this study do not come close to 
these goals. Although there is a negative correlation 
by linear regression analysis between pressure gradi- 
ents and the impairment of donor limb hemodynam- 
ics and a positive correlation with recipient limb 
hemodynamics, the correlation coefficients are quite 
low and the 95% confidence limits are wide. The 
receiver-operating characteristic curves are as close or 
closer to random chance as they are to perfect 
prediction. Seven of the eight failed femorofemoral 
bypasses had a low pressure gradient. However, it 
must be pointed out that if the number of failed grafts 
were greater, a tighter confidence interval would be 
possible ibr the receiver-operating confidence curves 
and perhaps a higher sensitivity would have been 
obtained. This technique does not have highly 
accurate optimal or cutoff pressure gradient values 
for predicting raft failure, donor limb hemodynamic 
impairment, or recipient limb hemodynamic im- 
provement. 
It is interesting that only one study 9 and its 
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follow-up ~~ have tested the clinical value of measure- 100 
ments of femoral artery pressure. In this study 9 all 90 
patients had arteriographic evidence of donor iliac 
80 artery stenosis. The cutoff criteria for not using the 
iliac artery as a donor was a resting systolic E 70 
femoral/brachial artery pressure ratio of 0.90 or less ~ 60- 
or a decrease in this ratio with hyperemia of greater a_o 
than 15%. They report satisfactory patency results ~ 50- 
according to these criteria. In the study reported g ~ 40- 
herein, 36% of patients exceeded one or both of these to .o 30 - 
criteria and therefore patients with more severe iliac E 
20- artery disease are included. The patency results of this 
study are also good. " =~ 10~ 
Femorofemoral bypass is a simple, safe, and " 
0 -  acceptable alternative to aortobifemoral, aorto- 
unifemoral, and iliofemoral bypass in older patients -1 0 
and those at high risk, particularly those with 
limb-threatening ischemia. Inadequate inflow is con- 
sidered the most likely cause of poor femorofemoral 
bypass function. ~3 Although the results of this study 
do not give accurate optimal values of pressure 40 
gradients, they do indicate that moderate resting 
systolic iliac pressure gradients up to 27 mm Hg and :35- 
resting mean pressure gradients up to 5 mm Hg will 
:30- support femorofkmoral bypass patency with minimal 
donor limb hemodynamic impairment in most cases. E 2S - 
These are hard criteria that give a specificity of 95% 
or greater but a low sensitivity. Whether this is a.,. 20-  
clinically desirable is another question. It is well g 
T lS-' documented that recipient limb A/B ratios are o 
significantly higher after aortofemoral bypass than "~ 10- 
after femorofemoral bypass. ~3 However, there are ~ L 
o. 5_  many situations in which femorofemoral bypass is 
the best choice in spite of less optimal recipient 0" 2 , 
improvement. 
Understanding the effect of f~morofemoral by- -S 
pass on the donor limb represents a challenge. One 
study reports no hemodynamic mpairment of the 
donor limb when the iliac artery is angiographically 
near normal, t8 Other studies report donor limb 
hemodynamics to be decreased, ~9or transiently 
decreased, 2~ after femorofemoral bypass. It has been 
recognized from its inception that femorofemoral 
artery bypass may arrest donor iliac artery stenosis, ~6 
and it has been shown that iliac artery diameter may 
21 increase. Although there is a higher chance of donor 
limb hemodynamic impairment and graft failure in 
patients with very high donor iliac artery pressure 
gradients, it is reasonable to use this procedure with 
resting pressure gradients up to 5 mm Hg or resting 
systolic pressure gradients up to 27 mm Hg. This 
decision should be tempered by the degree of 
infrainguinal disease in the donor limb, the indica- 
A 
9 " " 'N  
", ,, "~, \Q ,  
I - '  I ' 1 ' I ' ! 
0 100 200 300 400 
% Change A/B Recipient 
B 
' - '  I ' - '  i ' I ' I 
0 100 200 300 400 
% Change A/B Recipient 
Fig. 4. Hyperemic systolic (A) and mean (B) pressure 
gradients (PG) versus percent change in preoperative/ 
postoperative r cipient limb A/B ratios. Lincar regression 
line and 95% confidence limits tbr regression linc are 
shown, as is 98% densi W ellipse lbr data. Both regression 
lines have slopes ignificantly greater than zcro (p < 0.05). 
Correlation coefficients are 0.22 and 0.17. 
tions and urgency of revascularization, and the 
systemic risks of a larger operation. 
The results of this study on the effect of donor 
iliac artery pressure gradients on donor and recipient 
limb hemodynamics may not be applicable to ipsi- 
lateral operations uch as femoropopliteal-tibial by-
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Fig. 5. Sensitivity versus pecificity receiver-operating characteristic curves for percent change 
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are used. Pressure gradient values are given in millimeters of mercury. Accuracy at optimal 
systolic pressure gradients ranges from 50% to 60%. Accuracy of optimal mean pressure 
gradients ranges from 67% to 80%. 
passes. However, analysis of the effect of inflow iliac 
artery pressure gradients on femorodistal bypasses i
difficult because of the problem of separating out the 
improvement in limb A/B ratios and PVR ampli- 
tudes and the possible negative effect of the iliac 
artery stenosis. Analysis of femorofemoral bypasses 
has the advantage of the donor limb serving as a 
control. 
This series of femorofemoral bypass may not be 
representative of this operation because patients 
included were not subjected to prior bypass, endar- 
terectomy, or angioplasty procedures. However, the 
distribution of donor and recipient limb superficial 
femoral artery occlusion and stenosis i  similar to that 
of other consecutive s ries, ]7 and the postbypass A/B 
ratios for patients with comparable superficial femo- 
ral artery disease were similar.~3:t7 The 3-year patency 
rate was slightly higher than but comparable to the 
results of other studies when the donor iliac artery 
was normal or near normal. ]~ 
Pressure gradients were used rather than pressure 
ratios and the percent change in pressure ratios with 
hyperemia because of their superiority when analyzed 
from the same database.IS Prior investigators of iliac 
artery pressure gradients and pressure ratios have 
used various differing methods and techniques of 
measuring pressures and methods of vasodilation. Is 
The technique of iliac artery pressure gradient 
measurements u ed in this study has been shown 
previously to be precise and accurate. 7,~2,1s Patients 
with normal iliac arteries have resting pressure 
gradients of 6 + 8 mm Hg systolic and 0 _+ 2 mm 
Hg mean and papaverine-induced r sting gradients 
of 15 _+ 12 mm Hg systolic and 4 + 5 mm Hg 
mean. Is These data serve as a basis for interpreting 
the results of this study. In addition, the increase in 
common femoral artery blood flow with papaverine 
in patients tudied in an identical manner given spinal 
anesthetics has been shown to be only minimally 
affected by the presence of outflow superficial femo- 
ral artery occlusion. ~2 
Although the effect of superficial femoral artery 
disease in the recipient limb had no effect on the 
relationship between donor iliac pressure gradients 
and recipient limb hemodynamic mprovement, it 
did in the donor limb. The results uggest that donor 
limb steal, or decrease in hemodynamic parameters, 
is more likely to occur when there is significant 
occlusive disease in the donor limb. 
Even though iliac artery pressure gradients are a 
poor method of estimating outcome, they are prob- 
ably better than arteriography. It is well documented 
that determination f the degree ofiliac stenosis from 
arteriograms is inaccurate and at best difficult.14,22-24 
Oblique views should be obtained to exclude severe 
stenosis not visualized in anteroposterior projections. 
The normal diameter is usually unclear or unknown, 
thus making apercent stenosis calculation an estimate 
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at best. A better method o f  determining the degree o f  
iliac artery stenosis is clearly needed. Doppler  and 
B-mode ultrasonography have not  yet proved help- 
ful. 25 Hopeful ly,  new technology will yield a true 
gold standard for determining the hemodynamic 
significance o f  iliac artery stenosis and its effect on 
reconstructive procedures with inflow based on an 
iliac artery. Il iac artery pressure gradients are of  
l imited value in predict ing the outcome of  femoro- 
femoral bypass as measured by graft patency and l imb 
hemodynamics.  The results o f  this study are not  
consistent with those expected o f  a gold standard. 
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DISCUSSION 
Dr. Enrique Criado (Chapel Hill, N.C.). This study 
constitutes an excellent ef~brt o study the value of iliac 
artery pressure gradients in predicting raft failure and 
hemodynamic mprovement after femorofemoral bypass. 
The study represents a skewed population of 94 patients 
subselected from a total experience with 208 fcmorofemo- 
ral bypasses. Patients with outflow procedures, donor iliac 
angioplasties, or calcified arteries were cxcluded from the 
study. This selection bias may prevent the application of the 
conclusions to the general population. The main conclu- 
sion of the study is that iliac artery pressure gradients 
correlate poorly with graft failure or hemodynamic m- 
provement after femorofemoral bypass. Although this may 
seem disappointing, it is not necessarily surprising. Iliac 
artery pressure gradients may not predict graft thilure or 
postoperative h modynamic changes after femorofiemoral 
bypass because graft failure is seldom caused by progression 
of the preexisting lesion responsible for the gradient and 
the pressure changes in the limbs after surgery are 
determined by multiple factors. Furthermore, this smdv 
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has applied a test designed to identity, hemodynamically 
significant lilac artery stenosis in a population with a low 
prevalence of severe inflow disease. Therefore the sensitiv- 
ity and positive predictive value of the test will be inherently 
low. This article suggests that we should reserve hemody- 
namic assessment of lilac inflow for its correlatk)n with 
anatomic disease rather than with clinical outcome. It 
would be more useful to establish a correlation between 
lilac pressure gradients and accurate anatomic measure- 
ments of a stenosis, such as those provided by three- 
dimensional spiral computed tomographic (CT) scanning 
or magnetic resonance angiography or perhaps intravascu- 
lar ultrasound. 
At our institution, Burnham (J Vase SuRe 1992;16: 
445-52) has shown that a common femoral artery Doppler 
spectral acceleration time measuring 144 msec or longer 
has a 94% accuracy in detecting 75% or worse diameter- 
reducing lilac lesions, and we use these criteria to decide 
which femoral arteries can provide reliable inflow. We have 
made no attempts to correlate this infbrmation with graft 
patency. We have reserved the papaverine test for those 
cases in which the significance of inflow stenosis is 
questionable. 
According to your data, does the absence of an lilac 
pressure gradient or the presence of a f~:moral radial ratio 
of 1 or greater predict graft patency with hemodynamic 
success in all cases? If so, what percentage of your patients 
fall into this category? 
You state that criteria to detect inflow stenosis would 
have labeled at least 36% of your patients as having 
hemodynamically significant lesions. Were all failed grafts 
from this series identified as abnormal according to these 
criteria? 
Finally, you recommend not to perform afbmorofkmo- 
ral bypass with a resting systolic pressure gradient greater 
than 28 mm Hg. Because five of the eight failed grafts had 
resting radients below that level what is the rationale fbr 
this recommendation a d did any patients with that kind of 
gradient maintain patent grafts? 
Dr. Joseph P. Archie. First is the bias of selection. I 
tried to make this as homogeneous a group as possible. To 
include patients who had undergone concomitant or prior 
operations or balloon angioplasty of the lilac artery would 
probably muddy the water, and therefore these were 
selected out. This study was limited to primary operations. 
I agree that the results are disappointing and graft failure is 
clearly due to multiple factors. The donor lilac artery may 
or may not play a role. However, five of the eight graft 
failures were due to progression of disease in the donor iliac 
artery. Dr. Criado suggests that the low prevalence of 
severe disease influences the study. It might affect the 
positive predictive value but does not affect he sensitiviD~ 
and specificity. I think the explanation tbr the negative 
findings is because simple fluid mechanic principles were 
applied to a very complicated biologic system. It is not that 
surprising that pressure gradients really do not work well. 
I agree with Dr. Criado that a better technique is needed. 
Some anatomic or geometric method of measuring the lilac 
artew, such as spiral CT, as well as flow measurements, may 
turn out to be more helpful than pressure measurements. 
He asked about the patients who had completely 
normal pressures (i.e., a pressure ratio of 1.0 or a pressure 
gradient of 0 mm Hg). About 8% or 10% of patients had 
no systolic gradient and probably a third had no mean 
pressure gradient. One interesting thing, however, is that 
most had a postoperative d crease in donor limb hemodv- 
namics, but it was within 1 SD of zero. In other words, it 
was not a large decrease. Only one of the failures had 
completely normal pressure gradients. 
Dr. Criado also asked how many patients fell into the 
above-mentioned criteria. Roughly a third of these patients 
exceeded these criteria for safe use of a femorofemoral 
bypass. Interestingly, about the same proportion (one 
third) of the failed grafts were outside these criteria. There 
was a statistically significant difference between patent and 
failed grafts with a resting femoral/radial pressure ratio 
criteria of 0.9. The percent change in pressure ratios with 
hyperemia for failed grafts was greater than that of the 
patent ones. I do not understand that. 
Finally, why pick a systolic pressure gradient of 28 mm 
Hg as a cutoff when many of the grafts that failed had a 
systolic pressure gradient of under 28 mm Hg? These arc 
very hard criteria. We generally do femorofemoral bypass 
to make legs only a little better, and there are many grafts 
that will stay open with a fairly significant pressure 
gradient. What you really want to do is make sure that you 
do not do a femorofkmoral bypass that has a high 
probability of having a hemodynamic or anatomic failure. 
The 28 mm Hg criteria is the upper end of the 2 SDs and 
is where the specificity hits 95% on the receiver-operating 
CHIVES. 
Dr. Frank J. Veith (Bronx, N.Y.). A couple of years 
ago at this socicty, we presented a study on the managc- 
ment of unexpected inflow gradients generated aftcr 
fcmorofcmoral and femorodistal bypass (Gupta et al. 
J VAse SURG 1990;12:278-83). In that study we found that 
some patients in whom we did not expect a gradient had a 
gradient after completion of the distal bypass or the 
fcmorofcmoral bypass. We then detailed methods for 
management of this gradient. The interesting thing is that 
some of those patients had inflow gradients of 30 mm Hg. 
For a variew of reasons wc could not fix these and the 
patients had good protracted patency of the bypass. Thus 
the question I would ask you is, did you measure the 
pressure in the operating room on completion of the 
bypass? We still think this is a useful method. If you have 
a gradient in excess of 30 mm Hg, you have to do 
something, eithcr an angioplasty oraxillof~moral bypass. If 
it is lcss than 30 mm Hg, you can be assured that sometimes 
that gradient will not result in failure of the bypass, so I 
would disagree that inflow pressure gradicnts arc not worth 
measuring. I believe they arc worth measuring, particularly 
after the bypass. Did you measure them on the completion 
of the bypass? 
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Dr. Archie. Dr. Veith pointed this out to me a couple 
of years ago, and we subsequently measured inflow pres- 
sure gradients in some patients. Indeed the femoral/radial 
pressure gradients after bypass are higher than they were 
before, as you might expect. Only a few patients in this 
series underwent measurement of postbypass pressure gra- 
dients. My data do not support a clear pressure gradient 
criteria to predict outcome. What they do say is that there is 
an upper limit, above which you probably should not do 
the operation. We all see patients who come back years later 
with a patent femorodistal graft and a totally occluded 
donor iliac artery. It is amazing to me that some grafts will 
stay open in the face of severe inflow disease. 
Dr. Clifford Buckley (Temple, Texas). What do you 
think was the source of the pressure gradient? If you look 
at the arterial system with duplex imaging and spectral 
studies, you can usually determine hemodynamic signifi- 
cance of a particular lesion. In our experience with the iliac 
system, we do not see much of a pressure gradient when we 
have a 25% stenosis. What do you think is the source of the 
pressure gradient in a 25% stenotic lesion? 
Dr. Archie. The reason people started measuring 
pressure gradients 30 years ago was because of poor 
arteriographic definition of the iliac artery. I cannot ell on 
a lot of angiograms how diseased iliac arteries are. I do not 
know how anybody accurately measures percent stenosis of 
an lilac artery unless it is a discrete lesion with a normal 
artery beside it. Most of the arteries in this study had diffuse 
long-segment mild to moderate stenosis, and as we all 
l~aow no matter how many arteriographic views you take, 
the degree of disease may be poorly defined. Percent iliac 
stenosis is a poor predictor of the hemodynamic signifi- 
cance in many patients. 
Dr. Russell H. Samson (Sarasota, Fla.). Do you do 
pull-through pressures or do you just put a needle in the 
femoral artery? 
Dr. Archie. No, these were all done with a radial artery 
cannula in a normal arm and a 20-gauge needle in the 
femoral artery with the same transducer and switching back 
and forth so as to eliminate rrors induced by two different 
systems. 
Dr. Samson. I have been impressed that if you do an 
ankle/brachial switch between the radial artery and the 
femoral artery you often get spurious results, and we have 
looked at this and find that if you do a pull-through 
pressure with two transducers you get much more accurate 
results. I think perhaps it is not the test that is at fault but 
the technique. 
Dr. Archie. This may be true. 
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